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SILVER CHT^RIDE. paPT>T^T^ 
Backqrounri of fhn_invention 
This, invention relates to particles h.,.- 
5 partial 6r -o^^lete siW: chloride outr LyJr"^^ r 
.3 to .ethods for their use and „.nufacture ' "^'^ 
Typically, silver chloride is produced hv 

prec.pxtation fro. an aqueous solution of siiv- ■ 
. by addition of chloride ion in th^f ! "-'^ 

. :-:iori:^~::::-^^-^ 

crvst^l. f '^^""P"^"'^^ ^« ^^"9ularly-shaped 

crystals of non-unifonn. size.- Additionally since tK 
Precp.tation is usually quantitative, the resuitL! 
15 particles consist of essential w ^^esulting 

With no free Silver "^'^^^^^ 
rree silver metal present. The final n-,^*. • i 

nu^r o£ exp..i^„«x conditions, including orSr of 

■ is'Stil Tr ■ '""'"^ -0 -aging. .i„,,. 

"ol.txon and drying dondiciona. Accordingly particl. 

with a silver layer in th. „ I^^'aer or m combination 
oi-. . ^ -^ayer. an the production of refeirenr-o 

30 blood glucose levels. ™onatbring of 

Sunrniary of the ln^^r.^<^„ 

idues. jn these particlf^c. i 

^ ■^^-^^s* at least 5% 
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by weight, (preferably, 5-30%, and, more preferably, 20%) 
of the particle is the core material, and this core 
material is not silver chloride. In addition, these 
particles arfe sxibstantially nori-planar in shape, and they 
5 have substantially rounded edges. The invention also 
features Inks and electrodes (for example, reference 
electrodes) consisting essentially of such silver 
chloride particles, as well as compositions of matter 
consisting essentially of these particles in which the 
10 particles are substantially uniform in size. Unlike 
precipitation methods, in which particle size is 
;determined by reaction conditions, the size of the 
particles of the present invention is predetermined by 
the size of the initial particulate starting material. 
15 In preferred Embodiments of the above aspects, the 

silver chloride covers part or all of . the surface of the 
particle, the silver chloride particle is spherical, and 
the silver chloride particles are of small size (for 
example, less than 50 /im or even less than 40 71m in 
20 diameter) , and are preferably capable of passing through 
a 400 mebh sieve screen. The opening in the jscreen is 
nominally 37 m» s^ch that the particle size range 
includes all particles with diameters less than 37 ;im. 
This means that the particles may range in size from 
25 approximately 0.001 }im to approximately 37 /iim (for 

example, between 1-10 . However, the mean particle 
size of the particles, within the fraction passing 
through a 400 mesh screen, will be near that of the 
particle Sfize range of the i^iitial silver particle from 
30 which the silver chloride particle is produced- 

Particles according to the invention exhibit 
increased fslectroreactivity and decreased light 
sensitivity relative to precipitated silver chloride ^ 
When used in 4n ink formulation (for example, for 
35 electrode production), the silver chloride particle 
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concentration is preferably between 5-40% anr, 
preferably approxi„«tely 30%. Of the fLai Z 
formulation^ 

The invention also £e«ur., a «thod of 
S papacies that include non-silver chlorid. cores ."oT 
sample, silver, nickel, or organic plastic Z 
silver Chloride substantially Lout the ^^eS^ ^""^ 
^.ereo.. xhis ™.thod involves hetero.:„:: ^ 
all or a part of the outer, silver portion of , "°" °* 
10 silver-cc^ted part*cui.«e at^rtin, l^^^lZ/^^ 
. sUver-coated ^etal such as silver-coated niOcelTT 
treat^nt With a chloride-containino oxld.,< ^ 
...h as a,,eous sodiu™ H.pochlorit7 "^tr^T.^- 

solutrons of chromum trioxide and chloride ion 

cMoramine T., or pyridinium chlbrochro,nate. J-r^terably 

the silver or Silver-coated p«^icle being oxidized is 
between 1-10 (and. «ore preferably, between ^ • 

.0 sod.„„ hypochlorite is preferably used at a concentration 
Of approx.^tely 5-.0* (^re preferably, l„„ water 

material^ °K ""^ ="^<='^-~-"<' Particle starting 
r ■ " °f a dry or Wet powder 

25 preferably also includes treating the silver chloride 

£u,»ed s.lrca used at a concentration of approxi^atly «, 
to Wrove handlihg and ^xi„g characteristics. The 
30 ""^ ""^ - preventing 

^tT r° " -'"'""^ indiviLllty 

of the partrcles. The silica is preferably of a size 

i" <" particulate 

Starting materaal. and is preferably less than ^-7 ' j 
».re preferably, less than appro,ii.elTi?:. in"" ' 
daa^ter. . preferred silica, is Cabosil. but o.^:, fu^d 
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silicas or silica gels or molecular sieves may be 
utilized. The oxidizing step may also be carried out^ if 
. desired » in the presence of a surfactant. 

In a final aspect, the invention features a silver 
5 chloride partiqle produced by the above method of 

oxidizing all or , part; of the outer, silver portion of a 
silvear particle or silver-coated particle by treatment 
with a chloride -containing oxidizing compound, preferably 
sodium hypochlorite . 
10 As used herein, by the term ••sphearical^ is meant 

roughly globe-like, in shapes 

By the. term "substantially about the external 
surface (s) thereof'* iis meant that' at least 50%, 
preferably at leas.t 60%, and more preferably at least 75% 
15 of a particle core is covered with silver chloride. 

By the term **sub3tantially uniform"; is meant that 
at least 50%, preferably at least 75%, and more 
preferably at leiast 80-95% of the particles in the 
composition of matter are of a size ranging from 
20 approximately 1-37 ./im, and preferably 7-10 ^m in 
diameter. 

By the term *pseudp -ref erence .electrode" ±s -meant 
an electrode which carries a current and serves as a 
combined counter and reference electrode. The pseudo- 
25 reference electrode replaces two of the electrodes of a 
typical three electrode cell. Thus, a three electrode 
ceil iis reduced to two electrodes while maintaining the 
advantages of a three electrode system. This greatly 
sinpiifies the manufacture, of high volume, disposable 
30 biosensors.. 

By the term "electroreactivity" is meant the 
ability of an electrode to hold a substantially constant 
reducing voltage. As used herein, the term encompasses, 
without limitation, the ability of a pseudo- reference 
35 electrode to hold a constant reducing voltage between 200 
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and 800 mv vs. HHB, at current loads ranging from • 
apprpxamately i to 200 M. 

By the tern, -precipitated silver chloride- is 

.eant the Silver Chloride „«terial Obtained upin 
5 precapatation of an appropriate silver ion^containin., ' 

compound, (for example, silver nitrate) by reactW 
. . an appropriate chloride ion containing sll^Tu^' 

exanple. . hydrochloric .cid or an a„ 

halade salt, such as sodium chloride or potassium 
10 chloride). .precipitated silver chloride- 

. -e silve. metal, h.s Planar .urLts"^^^^ • 
non-unifprm in size. ... 

mean^ ' "-»^i°-de- containing oxidizing compouhd- is 

n^ant a composxtion that includes chlorine as >art but 
15 not all. Of its elemental ma)ce-up. This term 
. specifically excludes chlorine gas. 

, The silver chloride particles described herein 

exhabat unique properties in comparison with . . 
Of pr.„p«ated Silver chloride, ^ir,p, .he pa^icle"^ 
« the invention are of substantially uniform ai^e and 
9eo»etiy. i„ addition, they exhibit an unusuWly: ia„e 
, ^^face. area, eaaentially lacking .he planar surfaced 
Characteristic of the precipieated material . These 
properties result in an entirely novel and useful 
^terral e^itin, i„^roved electrical properties and 
greatly reduced light sensitivicy in comparison with 
traditional silver .hloride precipitates. Accordingly-, 
the particles of the invention ^ be utilized for W 
purpose for which silver chloride is currently utili"^ 
30 and are Of particular use i„ ,He production of i^r^^ed' 
reference electrodes. "P^^ovea 

will be a?" ^^^--Se- Of the invention 

ZIL '""^ *^-««iPtion of the preferred 

embodiments thereof, and from the claims 
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Brief Description of the Drawing ig 
Fig. 1 is a photograph of a dry silver powder 
starting material, as visualized by Scanning Electron 
Microscopy (SfiM) . 
5 Fig. 2 is a photograph of silver chloride 

particles produced from the hypochlprite oxidation of 
silver ipowder, as visualized by SE«. As shown, these 
silver chloride particles generally range from 2 is /im in 
diametex". 

10 Fig. 3 is a photograph of silver chloride 

particles produced from the hypochlorite oxidation of 
silver powder, as visualized by SEM at a higher 
magnification. 

Fig. 4 is a photograph of precipitated silver 

15 chloride particles, also as visualized by SEMi As shown, 
precipitated silver chloride particles are quite 
non-uniform in size and generally range from 5-1 00 /im in 
diameter. 

Fig. 5 is a schematic representation of a 
20 preferred silver chloride particle, indicating the 

quantity arid location of the silver and silver chloride 
components. 

Fig. S is an alternative schematic rejpresentation 
of a silver chloride particle, indicating the relative 
25 quantity and location of silver, silver (I) oxide, and 
silver chloride components. 

Fig. 7 is. a flow diagram of a large scale 
production method for silver chlorid^ particles. 

Fig. 8 is a photograph of a silver-coated nickel 
30 starting material, as visualized by SEM. 

Fig. 9 is an SEM of silver chloride particles 
produced from the hypochlorite oxidation of silver-coated 
nickel spheres . 
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Fig. 10 is a higher magflificationSEH of silver 
chlo.a,e particle3 produced fro™ the hypochlorll 

oxidation of silver-coated nickel spheres. 

Fig. 11 is a yet higher magnification sbl of ^K 
.silver Chloride particles Of Pig. lo. The darlTr 
underlying material is most likely nickel 

.hi " - " ^^^"^^"^ "P-^--ntation of a silver 

.chloride particle, indicating the quantity and i 

Of the nickel and .ilver chloride ctn^Lents ^'""^ 

Fig. 13 is a schematic representation 
chiciae particle »eferen„ electrode ' " 

. Pig. n is a schematic representation of' a 

co»™ertial e*odi„e„t of an electrode sensor strip that 
incl^aes a ,il.er Chloride particle reference - 

Pig. schematic representation of an 

experimental set-up for the chronopotentio^tric analysis 
Of pseudo-reference elebtrodes. analysis 

Fig. 16 is a graph illustratihg the 
Phrpnopotentiometric behavior of a printed reference ' 
20 electrode containing silver chloride particles atT 
• ^-tr^tion of .0% Of., the printing ink forn^latiL. 
The results shown represent triplicate runs. 

Fig . 17. is a graph illustrating the 
chronopotentiometric behavior of a printed reference 
25 electrode containing silver chloride particles It I 
^ncentration of lo.. of the pointing Tnk .fol^a ,:n. 
.The results shown represent triplicate runs. 

Fig. 18 is a graph-illustrating the 

BO ete"3'""°'"''''^ behavior, of a printed reference 
electrode containing silver chloride particles at a 

r™^hol" " ^^e;printing ink formulation. The 
results shown represent triplicate runs. 

Fig. 19 is a graph illustrating the 
Chronopotentiometric behavior of precipitated silver ■ 
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chloride at a concisntrafcion of 10% and over the course of 
three -100 M scans. 

Fig. 20 is a graph illustrating the 
chronopptentiometric behavior of silver chloride 
5 particles at a concentration of 10* and over .the course 
of three -100 ftA scans. 

Fig. 21 is a graph illustrating the 
chronopotentioinetric behavior of precipitated silver 
chloride before light exposure. 
10 Fig. 22 is a gr^ph illustrating the 

chronopotentioTnetric behavior of precipitated silver 
chloride after UV light exposure. The results shown 
represent triplicate runs. 

Fig- 23 is a graph illustrating the 
15 chronppotentiometric behavior of silver chloride 
particles before light exposure. 

Fig/ 24 is a graph illustrating the 
chronopotentioinetric behavior of silver chloride 

. .particles following UV light exposure. 

20 Fig. 25 is a graph illustrating the 

chronopotentioinetric behavior of silver chloride 
particles produced from silver-coated nickel before light 
exposure. 

Fig- 26 is a graph illustrating the 
25 chronopotentioinetric behavior of silver chloride 

particles produced from silver-coated nickel following UV 

light exposurie . 

n ^Rcription of the Preferred Rnibbdiment 9 
To overcome the problems of non-reproducible 
30 particle size and limited surface area previously 

associated with precipitated silver chloride particles, a 
novel production method involving oxidation of 
substantially uniform silver or silver-coated particles, 
preferably with aqueous sodium hypochlorite, has been 
35 developed and is described below. This method results in 
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the synthesis of similarly novel silver chloride 
particles, each consisting of a non-silver ohldrlH. 
.for e^n^le, a ^tal core, essentially s^^hyT 
S ^'^"^ in the particles so prol^ 

S both the orrglnal geo»etry and large surface ar.r^ : 
particulate starting ^.erial are LstantluT 

»«intained; resulting in the production of particles 
: whrch are relatively unifom, in .i.e and whLh 

substantially lack planar surfaces and sharp edges. , 

1 0 ■ ' ' 

EXAMPLR 1 . 

: pr,p.r.r,on and An.1, ,,Us,:af:si lver chw< ..^^ „. ■ , 
. To produce one type of silver chloride Darticl. 

IS the starting .„terlal. mis. powder contained particles 
».th a sr.e range of 1-3 ^ , area of o" , „ 

■^9. AS visualised by scanning electron .ac^oscopy a^ 

20 In one preferred method of silver chloride 

partxcle production, I08g (i .„ole) of silver powder (cat 
# 11405). Obtained f^om the Aesar Division of 
aohnson-Matthey Corp. (ward Hill. 3,„„,^^ ^ ^ 

Ixter beaker with 1 liter of= • o "-^"ea in a 2 

«.approxi,^tely O.l, o a ^uTfaS'^ =°»Mning 
«0 „„. St. Paul. ™, l^'h s" ' " «:-"0C or PC 
6£ 2S-C thi. ., =""^»n3. " a temperature 

25 c, this silver slurry was added, at a rate of 
a^rc«i„«.ely .„o «L/.a„„ce, to a vigorously stirred 

30 dlol " ° °' Hypochlorite solution 

dissolved in 500 ™i. of deionized water containing 0 H 

iit:rr ■ — --vpohaiite m th" 

initial reaction mixture was about 6%. By the 
reaction, the surface silver metal w., '=S"lting 

c>xaver metal was converted to 
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silver chloride according to the following reaction 
scheiTie; . : . . 

Ag«? + OCl 0.5 Agjp + Cl^ + e 

5 6.5 AgaO + CI' Ag<il + 0.5 Ojt 
/ (2) 

Ag«> + OCl AgCl + 0.5 Ojt + e (overall reaction) 

.{3) •■ ^ * ^ ■ 

10 ThiB presence of surfactant facilitated uniform wetting of 
the silver particles and discouraged formation of silver 
chloride, aggregates. . = 

Following stirring of the mixture for 1 hour at 
room temperature, the product was qollected by vacuum 

15 filtration smd thoroughly washed, first with deionized 
water and then with a final wash of isoprbpyi alcohol. 
The material was then dried for 2 hours in a vacuum oven 
(30" Hg, .1 torr) at 60®C. From 108g of silver powder, 
approximately 120g of a chocolate brown, free flowing 

20 powder was obtained. The results of 10 pilot runs are 

summarized below in Table 1. These data indicate that, on 
average, >90% of the silver chloride particles passed 
through a 400 mesh, stainless steel screen. 



WO9»0343J - 

- PCT/U$97/12371* 

- -11.- • 




WO9R/03431 



Pdt/US97/m71 



To further analyze the silver chloride product, 
the particulate material produced above was subjected to 
the s^tandard techniques of scanning electron microscopy^ 
proton induced x-ray emission (PIXE) , and electrochemical 
5 analystis (chrbno^otentioihetry) . As shown in Figures 2 
and 3, the SEM revealed relatively uniform particles • In 
comparison; an SEM of a commercial source (d. Frederick 
Smith, ckt # 703) of silver chloride, produced by 
precipitation from silver nitrate, exhibited an 
10 irregular, planar structure with sharp edges, and wide 
particle size differences (Figure 4) . 

The elemental make-up of the brown powder product 
was then determined by PIXE analysis. .The results- of 
this analysis are summarized in Table 2* . 
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As shown above, the material was fouiid to consist 
of approximately 75%, by weight, silver chloride with the 
remainder being silver metal . Only trace quantities of 
other elements were found to be included (most likely as 
5 trace inipiiri ties front the original starting material) . 

i?recipitated silver chloride ranges in color from 
white to light pink to purple, pependling on the amount 
of light exposure/ the pink or purple color purportedly 
is dtie to .the. accumulation of finely divided silver metal 
10 f rom^ the solid state phot oreduct ion of silver chloride, 
according to: 

AgCl -f hv Ag^ ^ ^ 

■ ■ * . ■ . ^ - ■ 

The brown color of the material obtained in the 
15 above process was unexpected. This color may be the 
result of traces of silver (I) oxide (Ag^O) within the 
silver chloride layer, resulting from the light, 
catalyzed, solid state oxidation of silver chloride, a 
heretofore undescribed reaction, according to: 

20 2AgCl{s) 0.5 Oj + hi' AgaOCs) + Cl, t 
(5) 

Alternatively, the brown color may be due to unreacted 
silver (Doxide resulting from the oxidation of silver: 

Ag*» +/0C1,, -> 0.5 Ag^O + Cl'^q + .e 
25 (1) 

Silver (I) oxide is known to be brown in color. 
If silver (Doxide is present, it very likely lies either 
in a discrete band between the silver metal and silver 
chloride layers or is interspersed within the surface of 
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the silver Chloride layer. Although little 6. 
was detected by pxxe analysis,, this result is not^ 
necessarily determinative of oxv«o« is not . • 

fx^ tecMu^e is not ^<^:.lci:'.:z::, ^r^'- . 

5 weights below 22. .°. ^-^^'^nts of molecular 

The elemental anal vsics • 

as electrochemical dita suggests a '"^^^^ "^'^ 

>. as depicted in Plgu„ , ^ ^, ~^ '^VAg.o/Agci structure 
suggest that, in ^ ^^"^ -l-«roche™icai data 

produced by this method, without beL^ W^ 
Rarticular theory, equations l and 2 "L^ 
.= there be rapid £„™.tio„ otT^o ^"S^est that 

oxidation „, Silver ™et.l./Je ^go'th. "^^^^'^ ■ 

liberated chloride ion, in a „t^*. 

»ftO re»ai,« erapped beneath a layer o> 
Chloride and produces the br^ colot.tron 

sii.er,i^Lr:sT;d™rar;rdirr r 

« -igh boat, Of ™ter, iollo,ed bT hf ,1^^°'^^"= 
saturated solution of potassium chlo^i^e TT'" '" " 
Chloride, solution began to diffuse o3er the T 
the silver (1 1 ovirt^ surface of 

Sliver (l)oxade, the surface turned brown. 

EXAMPI.R ■> 

£ieparation llguq, 
a^ia^-itemiver Pn.dPr j:tartinr;Z:7:~:v 

■ P^oaucti^: z::-::z r r r; 
p-er ,s.. .g dry ...^ht, :as o:::i:::'f ^ 
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Johnaon-Matthey, Orchjard Rd., Royston, Herts.. UK. This 
powder also had a particle size , range of 1.-3 fim and was 
designated cap 9, batch 085018. Using the procedure 
dcBcribed cibove, this silver powder was converted to 6.2 
5 kg of brown, silver chloride particles re^presenting a 90% 
yield. 

Following drying, this product failed to readily 
pass through even a '100 mesh screen. The reason for this 
.. wa9 not entirely clear; however, it likely resulted from . 
10 the very small particle size of the wet silver powder as 
compared to the dry silver powder. The resulting silver 
chloride also consisted of very small particles that 
tended to form larger-, aggregates upon sieving. 

To alleviate this problem, 1-4% by weight of fumed 
15 silica (Aldrich #35,126-8; 0.007 ;im, Aldrich, Milwaukee. 
WI) was blended with the dried silver chloride particles 
in a high speed mill {Tekmar, Scientific- Products, McGaw 
Park, ID . When this material was sieved, 90% of the 
pbwder passed through a 400 mesh screen. In a less 
20 preferable alternative technique, the silver chloride 
product may be subjected to mechanical blending or ball 
milliijg in the absence or prejisence of fumed silica. 

Although the quoted particle sizes for the dry and 
wet silver powders used herein are the same, small 
25 particles, such as these, are usually measured as 
suspensions in water. Specifications are set on wet 
particle Size. In contrast, if the particles are dried, 
they tend to form aggregates and, when fewet ted, the mean 
particle size may be different. This may account for the 
30 difference observed above in the sieving behavior of the 
dry versus the wet materials. 
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EXAMPt.P? -i. 

Flow biaqra m for the t,;.>-^ ^ e^aio d \> 

averag. chlorine coneent o£ 15, l. k"* " 

. water to produce a solution of 10, 3" 

' »0 liter vacuuh. transfer flasT f " ' ^" 

" ^ P°»a« is added vi'h colT"'^ "''''^- 

, to water and approximately 0 1* , ' ="rring . 

into a 2,00, liter pfaudier vessel anrf ! 
, stirring, to the iO. Cwf^'i"'"' 
" OesCihed atove as «„ as sugactLr at HfT 
concentration of 0.1%) Th. .-, ^^"al 

ter, and the product dried. 



EXAMPI>g 4 



»aoci di^soiv^frstrar "° - 

Hn»chlorite concent atit ir:;:^' ' 
- added ioog of silver°L::.rnk:::r s";; """T °' 

Hatthex 30 ,ond St., Ward Hill, ^ 
«S sprinkled into the reaction ' '"^ P<»^« ^ 

.a„„tes. The J,::;: ::: t""": ""^ ■ ^''-^ 

at as-c, and the product .a, ::„t:ed t"'"' ' 
titration, washed thor<H^hly ^Uh !!t. """^ 
washed With iscprop,! alcfhol. "he «1 IrtK""""' 
aucked dry and further dried for t " "'^ 

vacuum o»en (a torr) . ^ a 
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From 10 Og of silver- coated nickel spheres was 
obtained 103g (98% based on a conversion of 100% to AgCl) 
of a dark gray, free flowing powder which did not .require 
sieving or treatment with fumed silica. 
5 In Figures 9 -11 ^re. shown SEMs of the silver 

chloride particles obtained by the above hypochlorite ^ 
bxidation procedure, PIXB analysis indicated that all of 
the silver was converted to silver chloride. As depicted 
' in F'igure 12, the resulting spherical particles consisted 
10 of 80% Ki, by weight, and 20% AgCl. 

EXAMPLE 5 

Ink Preparation and Construction of a Commercial 
Glucbs^ Biosensor 
To produce a silver/silver chloride ink suitable 
15 for screen printing a reference elesctrode, the silver 

chloride particles produced in Example 1 were added (20% 
by weight) to a commercially available silver ink (Agmet, 
ESli Laboratories, King of Prussia, PA). Due to the 
fineness of these particles, 4 0% loading in the silver 
20 ink produced a very thick, unprintable ink. At 20% 

loading, the ink was printable and exhibited performance 
levels equivalent to a 40% loading of precipitated silver 
chlot-ide. To test the electroreactive properties of this 
ink as a reference electrode, carbon electrodes were 
25 printed on either side of the silver/silver chloride 

reference electrode, and a dielectric was printed around 
the perimeter of the electrodes to define a xeproduciMe 
area for electrochemical studies. 

This set-up. is illustrated in Figure 13 (top view) 

30 and Figure 14 (exploded view) , arid constitutes a 

commercial embodiment of the reference electrode in a 
. glucose biosensor. In this exemplary electrode sensor 
strip, the electrode support 1, typically an elongated 
strip of plastic material, e.g., PVC, polycarbonate, or 



e 

ng 4 
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polyester, supports three printed tracks of .1. . • 

s electrical cpntacts 3 tha. a„ inserted i„W a, 
app«(.ria« .«a3ure»«„t device ,„ot shown" 

The elongated portions of the conductiv. . , 
are each overlaid with a .ilver/silver cWo«de 
track 6a. 6b (with the eUargad exDoe^ """"^ 
for^ng the reference electrU^°1/'::,7^\-*^ 
-erlaid With a l.yer o, Mroph;.ic al^,"c,ir 
..na„lating material that leave. .xpoaS Imv\^ 
posxtions Of the reference/counter eLc^o^r^^r' 
end the dummy electrodes and ih, "orfcing 

» "-^^ -ter a :err:: 

Circuits and to physically aefine the Jr.^Jr^l'''"'' 
electrode area. Because thio^ , . """^^"^/^^ference . 

hydrophohic, it also ::l3 r "nh-^'^^'v^' 

expoied electrodes » . ^° """'"'' the sample to the 
. av^ilable^Tthe ,T "-^"""S material is . 

«.td Br»^ tradena.^ POLWLASx from Seri col 

"to., Broadstairs. Kent, UK. 

The electrodes e, 8a, formed of a fixture of . 
enzyme, , ^diator, and a conductive ^terTal Tthe 
working electrode 8) and a mixture of . ^ 

-..ctive .teriai without en.';:: t, d"^"."- .:::l:s 
r ;s::iyT:i::irr"^^^ - "Sc^s 

J ^ discrete areas of f ixert 

i^h. Alternatively, electrode a, i„st J o l 
euzy^ can contain a substrate catalytically reactive 
With an enzyme to be detected Th« ^ eaccave 
in a preferred .mK^^- conductive material 

preferred embodament comprises particulate ^ k 
having adsorbed thereon the mediator Porf 
i>rinting ink is for^e^ eaxator. For printing, a 

« at^-dstr: i'd::tr:L'"frr 

eiectr^. also includes the en;y.f iTan^lirltL 
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einbodiinent , a subsftrate. When the analyte to ibe tested 
is glucose in blood; preferably the enzyme is glucose, 
oxidase and the mediator is a ferrocene derivative. 

- The reference electrode 6b is situated relative to 
5 the working and dummy electrodes 8, 8a such that it is in 
a non-ideal position for efficient electrochemical 
function, i-e*, the electrodes are arranged not to . 
minimize the effect of the resistance of the solution on 
the overall resistance of the circuit as is conventional, 
10 but so that solution resistance is maximized to the 
extent possible while still being able to generate a 
current response with the measurement device used. To 
increase sfolution resistance, tbe reference electrode is 
spaced asf f ar as possible from the worJcirig electrode 
15 within the constraints of the maximum solution resistance 
which will still allow a current response to be generated 
while minimizing the sample volume thjat must be used (the 
electrodes cannot be spaced so far apart thait they cannbt . 
both be covered by. the sanple) . Conversely, ideally the 
20 sample path length will be kept as short as possible, so 
that the sample volume required is minimized, but its 
maximum length can be as great as the length of the strip 
that can accommodate it, limited, however, by the 
resulting increase in solution resistance, to a distance: 
25 which allows the current response to be generated. The 
solution resistance is also influenced by the length of 
the edge to edge cross-^sectional area between the 
reference electrode and the working and dummy electrodes. 
Minimizing this length, by positioning the reference 
30 electrode downstream of the working electrode rather than 
positioning the electrodes contiguously, as is 
conventional, increases the solution resistance - 
Positioning the electrodes in this matter has the. further 
benefit of preventing completion of a circuit (and thus 
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detection of. a response) before the working \ 

been completely covered by sample. ^ ^^^ctrode has 

The electrode area is then overlaid P ■ 

.5 the printed components from physical " 

, . .sampl, to wet . the reference and'^ri^'ref '^'"^ 
reducing th. surface tension of tTs^mor """'^^ 
: , .. ^^^-in. it to spread evenly ove^^ .^^^^^^^^^^^ • 

. .. .. preferred .^is mesh layer ext el " ' 

. ^0 whole length of the sample path bL "^^^ 

. .. the application Poiht .^Td^": elct::::" '"^'"'^"^ 

this mesh Will be constructed of T ^"^^^^^Wv 

strands, but any Woven oTn!^ """"" 

^'^^en or non-woven mAhAvi^i « 

provided it does not occlude the surf" e ^ .^"^ ^ "^^^ : 

- such that now. diffusional processes a,e 1. 

• The thickness of .the mesh- is Lecte: 3! LT^t'^ 
sample depth provided by this m^sh is suf f iL ^ 
to produce a high solution resistlc! ^--^^ 
preferred that the fabric k " ''^"^"l^y- it is 

- thickness Pref erabl • ^ 

f^- ^''^^^^^i'^y the mesh has a percent or>«« 
. of from about 4 0 to 45% ^ Percent open area 

per cm, a fiber di Liter of , " 
-ickness Of from aLr4 tf:: ; ^' > 

preferred mesh is NY64 HC mel Particularly 

hydropbilic mesh were used ^ho ' a 

. .^he ^3h. ,0^. ,3 alio.. :a:;":,nv^ r^" r 

the sample. A oref^T^oH * ^^^'^^ ^^^n spreading of 
..Minnesota, which is a solution of . fi V ' ^^•* 
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dioxane, and water. A preferred surf actant loading for 
most applications is from about 15-20 pg/mg of mesh. The 
preferred surfactant loading may vary depending on the 
tyjJe of mesh and surfactant used and the sajwple to be 
s analysed, but can be deterinined empirically by observing: 
flow of the saiijple through the iiiesh with different leVels 
of surfactant. 

, A second layer of coarser surfactant coated mesh ; 
10 is applied over the first mesh. This second mesh 
10 layer controls the influx of the sample as it travels 
: from the application point toward the reference and 
working electrode areas by providing. a space into .which 
the displaced air within the sample transfer path can 
move as the sample moves preferentially along the lower 
is fine grade mesh layer 9 and partially in mesh layer 10. 
The spacing of the larger fibers of the secondary mesh 
layer, perpendicular to the direction of flow of the 
sample, further helps to control the flow of the sarnple 
by presenting repeated physical barriers to thentovement 
20 of the sample as it travels through the transfer path. 
The regular pattern of the mesh fibers enisures that the 
sample progresses in stages and that only samples with 
sufficient volume to generate an accurate response are 
able to pass all the way along the pathway and reach the 
25 reference electrode . 

It is preferred that mesh 10 be of a. woven 
construction, so that it presents a regular repeating 
pattern of mesh fibers both perpendicular to and parallel 
to the longest aspect of. the strip. Generally the second 
3d mesh layer should be substantially thicker than the first 
. mesh, with larger diameter mesh fibers and larger 

apertures between them. The larger mesh preferably has a 
thickness of from 100 to 1000 itm. with a thickness of 
from 100 to 150 /im being most preferred. A preferred 
35 mesh has a percent open area- of about 50 to 55%, a mesh 
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count of fxc about 45 to 55 pe^ c„. and a fiber dia«.ter 
of fro™ about 55 to 65 ,m. A p^ferrad .ash is misx Z 

»esh. a so avallabla from sefar. CH-S8C,3. Ru,hchli.o„ 

Swxfezerland. ' 

Mesh 10 is also provided with a coatlrig of a 
suitable surfactant (unless the mesh itself is 
hydrophilic) , preferably the same surfactant as that on 
. the.first mesh layer. The loading of surfacta't is V 
on mesh; 10 than, on. mesh- S. providing a further barri ^:: 
^vemeht of ..mple.past the transverse fibers of .esh i 
m general, a loading of l-io ,g/„^ of „,esh is preferred 
The mesh layers 9 and. lo are held in place by a ' ' 
layer of hydrophobic electrically insulating ink 11 
Thas layer is preferably applied by screen printing 'the 
as anic over a portion of the Peripheries of the .eshes whLh 
• surround :and define a suitable sample transfer path if 
for the sample to travel from the application p6int at 
the furthest end of the strip towards the wbrking and 
reference electrodes, the ink impregnating the mesh 

" ZZT°' '^-^^ -te.ial thus defines 

sample transfer path 12 by not allowing sample to 
xnfiitrate the area of mesh covered by the layers of 
insulating material, the insulating' material impregnating . 
the mesh outs.de of path 12. A preferred insulating ink 
2s for ampregnating the mesh layers is available from 
. -^-^ Broad,t,irs. Keht. UK, uhd.r the tradename 

Finally, the upper part of the electrode is 
30 " liquid/vapor impermeable cover membrane 13 

IT" - "exible tape made of polyester or similar 
.materxal) which includes a small aperture 14 to allow 

colted r h'".' ''"^'^ '° th. underlying surfactant 

coated mesh layers. This impermeable membrane serves 

3S ll/Z '"^^ '^'^^ ""'^ reference electrodes 

35 and thus, maantain the available sample space over the 
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electrodes at a fixed maocimum height equivalent to the 
thickness of both mesh layers, ensuring that the solution 
resistance is kept at a high level. Any sample thickness 
up to the maxinium depth of the two mesh layers has .been 

5 found to be adequate in this respect. Aperture 14 is 
positioned overlying the furthest end of tjhe open mesh . 
area^ remote from the reference electrode 6b, such that 
the exposed area of mesh beneath the aperture can be Used 
as a point of access or application for the liquid sample 

10 to be measured. This aperture can be of any suitable 

size large enough to allow sufficient volume of sample to 
pass through to the mesh layers, but should not be so 
large as to expose any of the working/reference electrode 
area. The aperture is formed in the tape layer: by any 

15 suitable method, e.g.; die punching. The tape layer is 
affixed to the strip along a specific section, not . 
including the working/reference electrodes, the sample 
transfer path or application area, using a suitable 
method of adhesion. Preferably this is achieved by 

20 coating the underside of a polyester tape with a layer of 
hot melt glue which is th^n heat welded to the electrode 
surface. The hot melt glue layer is typically of a 
coating weight between 10-50 g/m^ preferably from 20 to 
30 g/m^. Pressure sensitive glues or other equivalent 

25 methods of adhesion may also be used. 

The upper surface of the tape layer can also be 
usefully provided with a layer of silicone or other 
hydrophobic coating which helps to drive the applied 
sample onto, the portion of exposed surfactant coated mesh 

30 at the application point and thus make the application of 
small volumes of sample much simpler. 

Accordingly, in use, a sensor strip of the 
invention is connected, via electrode contacts 3 , to a 
measuring device {not. shown). Then a sample is applied 

35 to aperture 14, and moves along the sample transfer path 
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12, its progress being sufficiently impeded bv m.c.H , 
.O^to anew ..e sa^ae to for. a, unifoL^:: ^^^^ 
than flowing non-uniformly Air i., h,- , ^^cner 

' The sample first covers woL™^ 

in its enurecy. a„a on.. t.e„ approachTa':: t^^"* ' 
reference electrode 4. completing the circuit a"! • 
a response t6 ^ detected by the .^asuring "evict. ""^ 

EXAMPLE <; 
£h^onopo^Pntiom^^r.,•^ ,'>'-1ti, i . 
Chronopotentibmetric studies were carri^H . 

.ppu^d to t. refejence e^:::L":rrr:— - . 

Princeton, , ^ In p^entiaTwth time 

. due to reduction of. silver ion. was' followed t r , 
experimental set-uo for roiJoi»ed. a typical 

Wsuriis. Pig"re*aTl8r°'°r""'^'"^"='»^'^"- 
» at -100 M for 20% ,L -hronopotentiograms taken 

i"v> /la tor 20S. 10%, and 5% silver chWij. 
loadings, respectively chloride particle 

greater Vh. concentrations of lo% or 

greater, there was enough Silver chloride to readilv 
carry a i„o ^ k,,^ ^^^^^^ to readily 

« chronop:::^;:^",rr/f:;err ' -"'■^ °' 

■ either a lo. il.. . "^"''""'^ electrodes containing 

acc»din^ o the ' °' Particles 

electiS :as :i 3t t'^^^ ' """"" 

™. . show^. aftrtLt~i;"r ^° 

r::rft"i::::r - --o 
red.;er::i":Lttai" rcr::st"-' ^--"^ 

mrd s.an. the reference electrod~;.nr tt . 
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silver chloride particles (Figure 20) retained a 
substantial quantity of electroreactive silver chloiride. 

Without being bound to a particular theory,, it is 

. likely that the reason for . this difference in 

; electroreactivity is due to the small, relativialy uniform 
particle, size and large surface area of the silver 
chloride partiqles. In general, the arhount of silv6"r 
chloride availaibleJ for reduction in such a system is a 
function of silver chloride surface area, which in turn 

> is dependent on the loading and the particle geometry.. 
Accordingly, the smaller particles of the invention 
likely yield higher concentrations of electroreactive 
silver chloride than larger; planar particles (isuch as 
precipitated silver chloride) , and this may account for 

5 the difference in electroreactivity observed above. 

EXAMP1.B 7 
Analysis of Photochemical Activity 
A well known property of traditional silver/silver 
chloride reference electrodes is their light sensitivity. 
0 Light may reduce, the silver ion in silver chloride to 
produce silver metal or may Cxidize it to produce silver 
oxide> and these changes in morphology can draistically 
affect the potential of a reference electrode. 

To test the light sensitivity of the reference 
s electrodes described herein, inks containing either 

precipitated silver chloride or silver chloride particles 
produced from, silver or silver-coated nickel cores were 
exposed to 254 nm light for 2 minutes. The exposed 
electrodes were then subjected to chronopptentiometry as 
0 described above, and the results are illustrated in 
Figures 21-26. 

As shown in Figures 21 and 22, the referencie 
electrode containing precipitated silver chloride 
exhibited profound changes in response to light exposure 
5 (Fig. 22) in comparison with an unexposed electrode (Fig. 
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■ tran '^^^^"opotefttiometric peak 

tran, ,,on time for the reduction of precipitated " i 
Chloride was shifted approximately 22 se^oL ' ^ " " 
. exposure to uv light ^ .««=*>nds upon . . 

Silver cMoriae pa«icU. Win, s irerlLT:'"'"^ 
cteonopotenMometric traniition ci„« ««>n<i=. xn the 

» perpe»Jic„Jar «. Indaent light z„ co„r " 

9-«try. the .ilver chloride particles ofl 

present a relatively an»n su«ace !re- perS^"'"*""" 

incident light. Because 11„s. ^ '"'''""'^ 

» - causes the^^r^TLTrir:, 

surface or Silver chloride accordlg n '°"^° °" 
reaction: : ^^^iowang 

: ^AgCl . 0.5 0, . h.. Ag,o/ci, t . 

^ thermodynamically defined 
electrode potential of: "eraned 



Ag,0^ H,0 . 2e 2Ago . 2 OH 



<6) 337.7 mv vs. NHE 
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while silver chloride has an electrode potential defined 
' by: 

AgCl + e Ag- + Cl- E«»- 222.3 nnr vs. NHB 

•(7) ■ 

5 As can be seen, the reduction potential for 

silver (I) oxide is 114.4 mv more positive than for silvier 
chloride, resulting in silver(I)oxide being more readily 
reduced than silver chloride. 

In the chronopotentiometric experiment described 

10 above, therefore, photo- formed silver (I) oxide would be 
reduced prior to a trjansitiori to silver chloride 
reduction. And, since silver chloride is so light 
sensitive, virtually- any exposure to light would result 
in the formation of trace quantities of Ag^O. Looking. 

15 again to Figures 21 and 22, the sharp initial peak at 
time 0 is due to the immediate reduction of trace, 
quantities of Ag^O. As shown in Figures 22 and. 24, longer 
light exposure creates more Ag,0, thereby increasing the 
reduction time further and shifting the peak transition 

20 to even longer times. 

These same experiments were carried out with the 
silver chloride particles produced from silver- coated 
nickel, and these particles similarly showed very minor 
light-induced shifts in chronopotentiometric transition 

2s times. As shown in Figure 25 {before light exposure) and 
Figure 26 (after ;UV light exposure), the 
chronopotentiometric peak transition times were almost 
identical before and after UV treatment. Without being 
bound to a particular theory, this result may be 

3b explained by the underlying nickel reducing or preventing 
the formation of Ag^O, perhaps by absorbing the UV 
radiation. 



.25 
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In sum, there exists a dramatic diff« 
light sensitivity between conventional .^''.'"""'^^^ ^ 
Silver ...ioriae ana the silver : 
invention, and this difference is vividlv xif 
s th0 data presented, in Figures 21-26 "^'""^'"^ 

EXAMPI.R fl . 

By definition. ». classical re£er»n.- , 
carries only very s^all . currents - 
» well-deaned reference poteltraa J " 

potentials are conpared" for e"a»l ""'^ ' 

.ilver/silver cMoride ■^Z^l;^'^^'^ . 
require a large proportion, of. sn.J"^ .T" 
"etal in order to function as ^^^ T 

- £act. it is well understood tl»t if f . *" ' 

reference electrode is polari^d' 

severely i^aired to tHe^oirlr: t.?:eT" 
potential is eihho,- ^ ^, reference 

xc»a as gather unstable or ill -defirt..^ ^ 
the electrode unusable. defined, rendering 

' eiectrodel^rwliir^"^^^ — . 

-e electrode Potentafor hl^::;;" ^^^^ ' 

a constant value ver^s tlt^ :! '^^^ . 

electrode via a feedback loop of ^ '""^ 
amplifier • , ^ operational 

salt solution such as satur.r.^ n^^nually bathed an a 
reference electrode l^^J^ ^ . 

working and counter electrodes ="rrou„di„g the 

salt .ridge aii::,^::^,^":::: °' 

■:he passage of ions or solutri ^ "°"= 

a^e.de.fro„_„.,^.-r..cT:::::^^^^^^^^^^ 
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become clogged with the high concentration of salts found 
in reference electrode solutions. 

As a consequence of the above factors, classical 
reference electrodes are generally not suitable for 
miniaturization or for use in disposable, dry format 
types of electrochemical cells such as ampei-ometric 
biosensors. Moreover, even if miniaturization Was 
possible, wet storage would unnecessarily complicate a 
disposable biosensor. 

The silver chloride particles of the present 
invention are useful for the production of an alternative 
to the classical thy-ee electrode cell, in which the 
reference and counter electrodes are combined, and. the 
three electrode cell is thus reduced to two electrodes, 
in particular, a silver screen printing ink containing 
the silver chloride particles of the invention may be 
utilized to produce an electrode which can, not only 
maintain a constant electrode potential, but also carry a 
current. In addition, because of the unique 
characteristics of the silver chloride particles, this 
electrode exhibits superior electroreactivity and light 
resistance (relative to equivalent concentrations of 
precipitated silver chloride) , making it a highly 
desirable material for this application. A 
schematic illustration of an electrode sensor strip 
utilizing a silver chloride particle reference electrode 
is shown in Figuresi 13 and 14. 

other Embodiments 
Although preferred methods of silver chloride 
particle production are described herein, variations on 
these methods are included within the invention. In one 
particular example, one may carry out the present 
production technique using any particulate starting 
material (for example, any silver or silver-coated nickel 
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pmicle, , regardless of particle dieter, although for 
us. r„ electrode produ=ti<i,. dia«,ter, of between 0 I'lo 

are preferred, and dia»»ters of between 1-3 a« 
«.re highly preferred. Treatment of the finil product 

s •">. between 1-5% f^d Silica, although preferred, 

be omitted. »nd. for use in inJc formulations, any ot^r 
appropriate silver screen printing inn may be 

substituted. 

Alternative silver powders may be obtained from 

ZTT 'Tr" """^'^ Amesiidi:-:^. 

Corp ciens Palls. NY; Aldrich Chemical C6. . .Milwau.ee. 
WI . Degussa Corp. Metals Group. Piainf ield. Nj; ostalski 
Labs. Inc.. Patterson. NJ; Potters Industries ihc 
Parsippany. NJ.; Reade Advanced Materials. Riverside' Rl- ^ 
" ^ N.W York. NY., suppliers Of s.W' 

resins include, without limitation-.- Johnson Matthey 
Royston. Herts. United Kingdom; Methode Development^o 
Chacago. IL; Electro -Science Laboratories, inc.. King of ' 

.0 iS'^Hl ''''' ' MI.-.M!tech . 

- Inc., Elverson. PA; Perro Corp.. Santa Barbara CA- 

Telegenix. inc.. Cherry Hill,. NJ; Ercon. Waltham. MA; and 
DuPont CO... Wilmington. DB. Suppliers of .ilica products 
mLTi "^^"^-^"l-' "n-in specialty 

corp.. r^ublxn. OH. Suppliers for silver screen printing 
an.s are Me thode Development Co.. Chicago. XL; Acheson . 
Colloxds CO. . Port Huron. MI; Metech In<.. . Elverson. PA; 
.Telegenax. Inc. . Cherry Hill. NJ; and Ercon. Walthan,. MA.- 

^ silver powders, any silver-coated 

30 core material may be used for silver chloride particle 

production. As described herein, silver-coated nickel 

ZlllHTY" particulate starting 

"«terapl; however, other- useful silver-coated metals 
include, without limitation, silver- coated/zi„c, copper 
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iron, tin, cobalt, aluminuin, titanium, and metal oxides . 
In addition, silver- coated plastic particles (for 
example, silver-coated Teflon) may also be utilized in 
. the invention. Silver coating for any of these core 
materials, may be accomplished, by standard techniques of 
silver deposition (for example, by. electro -deposit ion, 
electroless deposition, or high vacuum deposition) - 

To carry out the oxidation step described above, 
treatment with chloride-containing oxidizing agents oth^r 
than hypochlorite may also.be utilized. Examples of 
useful agents .for this purpose include pyridinium 
chlorochromate (Aldrich 19,014-4) , chloramine-T (Aldrich 
85,731-9), and chromium (yi) oxide (Aldrich 12,265-3) / in 
combination with potassium or sodium chloride. 

Surfactants, although added to the oxidation 
reaction described herein, may be omitted, or the 
particular surfactant used above may be substituted with 
any equivalent reagent including, without limitation, 
non- ionic, anionic, or cationic surfactants available 
from Fluorad , Fluorochemical Surfactants , S t . Paul , MN ; 
GE Company,. Fairfield, CA; Unocal Chemicals Division, 
Schaumburg, XL; Witco Corp., New York, NY; Henkel Corp., 
Ambler, PA; Cheme tries. Inc., Calvert on, VA; Aldrich, 
Milwau)cee, WI; Olin Corp., Stamford CT; DuPont Co., 
Wilmington DL; Dow chemical USA, Midland, MI; Rhone- 
Pouienc Siirfactants & Specialties, Cranbury, NJ; Monsanto 
Chemical Co., St. Louis/ MO; Rohm & Haas Co., 
Philadelphia, PA; and Sigma Chemical Co., St. Louis, MO. 

As noted above, any of the silver chloride 
particles described herein may be used for any purpose 
for which silver chloride is traditionally utilized. For 
example, the particles of the invention may be used in 
any type of electrode, including the novel reference 
electrodes described above as well as electrodes used, 
for example, in electrolytic cells. . The silver chloride 
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particles „,ay. also be used for :otherappli^^^ / 
exanple in silver ,chlorid. emulsions for . 
films and papers. ««s lor photographic 

Other embodiments are wi^hi« 
5 claims. ■ ■ . ^""^ scope of the 

What is claimed is : .. 
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Claims 

1. Particles c6n5)rising cores having silver 
chloride substantially about the external surfaces 
thereof / each of said cpres constituting at least 5% of 

5 each of said particles and being coinposed of a .mat era al 
other than silver chloride^ saiid particles being 
substantially non-planar in shape and having 
substantially rounded edges* 

2. The particles of claim 1, wherein said core 
10 material is silver. 

3. The particles of claim 2, wherein said silver 
core constitutes 5-30%, by weight, of each of said 
particles . 

4. The particles of claim 3, wherein said silver 
15 core constitutes approximately 20%, by weight, of each of 

said particles. . 

5* The particles of claim 2, said particles 
being less than 40 jim in diameter, 

6. The particles of claim 2, said particles 
20 being 1-10 pm in diameter. 

7. The; particles of claim 1, wherein said core 
material is nickel. 

8. The particles of claim 7, said particles 
being spherical. 



25 9. The particles of claim 7, wherein said nickel 

core constitutes approximately 80% of each of said 
particles. . . 
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.10. The particles of claim 1 

11. The particles of claTm 
^ein, le.s ,0.,. i„ ^' ^^^^ ^^^^^^^ , : 

5 12. The particles of claim 7, said partem 

being 1-10 in diameter. / Partxcles, 

13. The particles of ciA^m i ■ ^' ' 
.ha.i„, i„.,,.3ed electrorea/tittr rlr, ^ • 
. precipitated silver chloride. ^ ^o 

^° 1^. The particles of claim i 

having decreased liah^ ' ^^^'^ P^^ticles ; 

y ecreased laght sensitivity relative to 
precipitated silver chloride . " . 

15. An ink consistinq esaenfi-aii,. * 
which comprise cor-«o k • essentially of particles 

co„=.U.ti„, at least l^'" °f 

particles ^nH ^ "eight, of each of said 
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18. The ink of claim 15^ said particle 
concentration being between 5-40%, by weighty of said ink 
formulation • 

19 • The ink of claim 15, said particle 
5 concentration being approximately 20%, by weight, of said 
ink formalation. 

20. An electrode consisting esisentially of 
particles which comprise cores having silver chloride . 
substantially about the external surfaces thereof, each 
10 of said cores constituting at least 5% of each of said 
particles and composed of a material other than silver 
chloride, said particles being substantially non-planar 
in shape and having substantially rounded edges. 

21: A composition of matter consisting 
.15 essentially of particles, each particle comprising a core 
having silver chloride substantially about the external 
surface thereof, said core constituting at least 5% of 
dald particle and composed of a material other than 
silver chloride, said particleis being substantially non- 
20 planar in shape and having substantially rounded edges, 
and said particles being substantially unifoinn in size. 

22. A method of making particles comprising cores 
having silver chloride substantially about the external 
surfaces thereof, said method comprising oxidizing all or 
25 a part of the outer, silver portion of a silver or 

silver-coated particulate starting material by treatment . 
with a chloride- containing oxidizing compound. ^ 



23. The method of claim 22, wherein said 
particulate starting material is spherical in shape. 
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24. The method of claim 22, wherein « 
particulate starting nateriai '. ^^""^^"^^^d 

g material conprises silver particles. 

25. The method of >. claim 22, wherein o 
particulate starting material comprises Tl 

5 metal particles. ""^""^^^^ stiver- coated 

26- The method of claim 25, whereit, ' 
particulate starting material • ^^""^^^ ^^ad 

• . , ™?''S^^ial comprises sjiv^.-^ 

.nickel particles. -"^ses saiver-coatfed 

27. The method of claim \. . 

10 cMnr-iA^ caaxm 22, wherein said 

28. The method of claim 77 , w • 
hypochlorite is used at . ^^""^^^ ^^^'^ -^^^i"" 

water: . ' ' concentration of 5.20% i„ . 

'^^e method of claim on . 
hypochlorite is used at . wherexn said sodium 

used at a concentration of 10% i„ „ater. 

30 • The method of r-i=.-iT« o>. , 

particles are between 17 . ""^^ 

between 1-7 in diameter. 

.31. The method of claim ->a . 
^0 particles are i„ the for™ 7^ ^i^^rein said silver 
e m the form of a dry silver powder. 

32. The method of claim 24. wherein c 
particles are in th^ r ^ wnerexn said silver 

in the form of a wet c-iiv^^ 
method further comn^i silver powder and. the 
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33. The method of claim 32, wherein said gilica 
is fumed silica used, at d concentration oiE approximately 

4%-' ' . - ; 

34 . The method of claim 22, wherein said 
5 oxidizing step is carried out in the presence of a 
surfactant, 

35. A particle conprising a core having silver . 
chloride substantijally about the external surf ace thereof 
produced by the method of oxidizing all or a part of the 
10 outer; silver portion of a silver or silver-coated 
particulate starting material by treatment with a 
chloride -containing oxidizing compound. 
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